Background/Aims: It is well documented that myocardial hypertrophy is associated with low ambient temperature. Atorvastatin (Atv) has been shown to protect against atherosclerosis, cardiac fibrosis, ischemia/reperfusion injury, etc. In this study, we aim to determine whether atorvastatin is effective in the treatment of myocardial hypertrophy induced by cold exposure and to shed light on underlying mechanism. Methods: The mice aged 4-week were randomized to Control (Ctl) group (raised at room temperature), Cold group (raised at 3-5℃) and Atv treatment group (raised at 3-5℃ followed by 10mg/kg/day Atv infusion). Echocardiography (ECG), HE, TUNEL and Masson's trichrome staining, and Transmission electronic microscopy were performed to analyze cardiac function, myocardial hypertrophy, cardiac fibrosis, apoptosis and cardiomyocyte ultrastructure, respectively. Western blot was carried out to determine the involvement of MAPK and apoptosis pathways. Results: Exposure of mice to low temperature induced myocardial hypertrophic growth characterized by the elevation of heart/body weight index and heart weight /tibia length index, compared with control mice. Atv treatment attenuated cardiac hypertrophy induced by cold exposure; Atv also attenuated the increase of cross-sectional area of cardiomyocytes and cardiac collagen content fraction in mice exposed to cold. ECG showed that the decline of cardiac functions including the elevated left ventricular systolic/diastolic internal dimension (LVIDs/d) and fractional shortening (FS) in mice with cold exposure was also inhibited by Atv treatment. Transmission electronic microscopy uncovered that Atv attenuated mitochondrial injury induced by cold exposure in mice. In addition, systolic blood pressure was gradually increased in mice exposed to cold J. Liang, K. Yin and X. Cao made equal contribution to this work.
Attenuation of Low

Introduction
Cardiovascular disease (CVD) is one of the most common causes of death worldwide. The mortality and morbidity resulting from CVD is growing yearly. Cardiac hypertrophy is myocardial dilation in response to various stimuli [1] . Though physiological hypertrophy is beneficial to maintain cardiac functions, long-standing pathologic hypertrophy will result in dysregulation of myocardial contraction and heart failure eventually which largely contributes to growing mortality and morbidity of CVD [2] . A lot of stimuli are associated with cardiac hypertrophy and heart failure, such as long-term hypertension, heart infarction as well as valvular disease [3] [4] [5] [6] . Low ambient temperature is capable of promoting constriction of blood vessels to maintain normal body temperature. Resultantly, peripheral vascular resistance is increased which results in elevation of blood pressure as well as myocardial oxygen consumption. To date, substantial studies have demonstrated that low ambient temperature is a risk factor of cardiac hypertrophy [7] [8] [9] . Hypertension, an important trigger of cardiac hypertrophy, frequently happened at low temperature [10] [11] [12] . Besides, low temperature induces CVD through interrupting many molecules and pathways implicating in CVD, such as endothelin-1 (ET-1), nitric oxide (NO), sympathetic nervous system and renin-angiotensin system (RAS). Interestingly, they are also involved in cardiac hypertrophy [13] [14] [15] [16] . Therefore, low temperature can induce cardiac hypertrophy via various mechanisms.
Atv, a member of stains lowering cholesterol in blood by inhibiting HMG-CoA reductase, alleviates CVD and blood cholesterol dysregulation effectively. It markedly lowers blood cholesterol by regulating lipoprotein-cholesterol complex and liver function [17, 18] . Atv has been applied to treat CVD, atherosclerosis and other pathophysiological processes through modulating endothelial cell function as well as other pathways [19, 20] . Though it is considerably reported that Atv can treat CVD, its role in cold-induced cardiac hypertrophy as well as the underlying mechanism remains largely unknown. Thus, our study aimed to unveil the effect of Atv on low temperature-induced cardiac hypertrophy.
Material and Methods
Animals
The Kunming adult male mice used in this study were purchased, raised and grouped as previous study [7] . 10mg/kg Atv was given to mice by gastric gavage in Atv group, and Ctl as well as Cold groups were treated with isovolumic PBS. The animal protocol was approved by the Institutional Animal Care and Use Committee of Harbin Medical University. All the procedures were in agreement with the Directive 2010/63/ EU of the European Parliament.
Echocardiography
Mice were anesthetized with ketamine (100 mg/kg) and xylazine (10mg/kg) followed by echocardiography (ECG) according to previous study [21] . HP Sonos 2500 (Hewlett-Packard, New Orleans, LA, USA) equipped with a 30-MHz phased-array transducer was applied to detect cardiac function. Here, we determined LVPWd (diastolic left ventricular posterior wall thickness), LVPWs (systolic left ventricular posterior wall thickness), LVIDd (diastolic left ventricular internal dimensions ) and LVIDd (diastolic Blood pressure Tail-cuff was performed to determine blood pressure. BP-2000 Blood Pressure Analysis System (Visitech Systems, Cary, NC) was applied to record systolic blood pressure. Mice were secured in rodent restrictor followed by systolic blood pressure recording for 10 times successively. The data could be applied for further analysis as previous study [7] .
Stainings
After 8-week, mice were sacrificed followed by formalin fixation and paraffin embedding. Next, left ventricle of heart was sectioned and stained with HE, Masson's trichrome and TUNEL staining according to our previous study [21] . Subsequently, sections were observed using fluorescence microscope. HE, Masson's trichrome and TUNEL staining were applied to determine myocardial structure, fibrosis and cell apoptosis respectively. All acquisitions were analyzed with Image-pro-plus 6.0 software.
Transmission electron microscopy
Transmission electron microscopy was performed to observe ultrastructural alterations of cardiomyocyte. Hitachi H-7650 transmission electron microscopy was applied for observation.
Western blot
Western blot was performed to determine protein level. Proteins were extracted from tissue obtained from left ventricle. Proteins associated with mitogen-activated protein kinase (MAPK) and apoptosis pathways were determined. In our case, samples were resolved using 10% and 12% polyacrylamide gels followed by protein samples transfer, primary and secondary antibody incubation. At last, membranes were analyzed with Odyssey Infrared Imaging System (LI-COR Bioscience, Lincoln, NE). The captures were analyzed with Image J software.
Statistics
All data were represented as mean ± SEM. P values were calculated with one-way ANOVA followed by Bonferroni by using Graphpad Prism software unless described otherwise. P<0.05 indicated statistical significance.
Results
Atv attenuated cardiac hypertrophy induced by cold exposure
After 8-week, mice were sacrificed followed by body weight, heart weight and tibial length measurement. In comparison with Ctl, the ratios of heart weight/body weight and heart weight/tibial length were significantly higher in cold-exposed group while Atv lowered both (Fig. 1) . It indicated that Atv was capable of attenuating cardiac hypertrophy induced by cold exposure.
Atv attenuated cardiac fibrosis and cardiomyocytes hypertrophy induced by cold exposure
Heart tissue was sectioned and stained with HE as well as Masson's trichrome staining to observe pathological changes of cardiac structure (Fig. 2) . Figure 2A showed that the cross-sectional area of cardiomyocytes increased after cold exposure while Atv could reverse this. It indicated that Atv was capable of attenuating cardiomyocyte hypertrophy induced by cold exposure. Correspondingly, statistics of cross-sectional area in Figure 2C showed that Atv was capable of inhibiting cardiomyocyte hypertrophy significantly induced by cold exposure. Cardiac fibrosis was detected which was showed in Figure 2B and 2D. Figure 2B manifested that cardiac fibrosis increased significantly after cold exposure while Atv decreased it. Figure 2D showed statistics of interstitial fibrosis in heart. Atv treatment greatly suppressed the increase of cardiac fibrosis in cold-treated mice. It was consistent with Figure 2B .
Atv attenuated ultrastructural damage of cardiomyocytes induced by cold exposure
Cardiac hypertrophy was frequently accompanied with ultrastructural damage of cardiomyocytes. Transmission electron microscopy was employed to detect these changes. Figure 3 evidenced that myofilament broken, mitochondrial autophagy as well 3 . Effect of Atv on ultrastructure of cardiomyocytes exposed to cold. It manifested that mitochondrial autophagy and swelling accompanied with myofilament broken happened in cardiomyocytes of mice exposed to cold while Atv treatment was able to reverse them. The scale bar: 1 μm. ▲indicated mitochondrial autophagy; • indicated mitochondrial swelling; ★ indicated myofilament broken. 
Atv improved cardiac function of mice exposed to cold
To explore effects of Atv on cardiac function of mice exposed to cold, ECG was performed after 8-week. Compared with Ctl, mice exposed to cold showed thickened ventricular wall and dilated ventricle that were reversed by Atv (Fig. 4A) . Further analysis manifested that LVIDs/d increased after cold exposure which were reversed by Atv (Fig. 4B) . EF decreased significantly after cold exposure while Atv was capable of improving EF. It indicated that Atv improved ejection function and alleviated cardiac remodeling.
Atv decreased high blood pressure induced by cold exposure
The blood pressure was recorded weekly from the 1 st week on. Figure 5 showed blood pressure fluctuation. There was no significant difference among groups until the 4 th week. On the 4 th week, systolic blood pressure (SBP) of mice exposed to cold was elevated significantly and Atv treatment repressed it. SBP of mice exposed to cold was increased other than mice of Ctl and Atv treatment groups from the 4 th week on. 6 . Effect of Atv on MAPK signal pathway in hearts of mice exposed to cold. Expression of p38 and p-p38 protein in hearts of Ctl, Cold and Atv groups. It indicated that cold exposure and Atv treatment had no effect on the expression of p38 and p-p38 protein in hearts; In addition, cold exposure as well as Atv had no effect on JNK and p-JNK protein expression in hearts as well. IOD of each protein band was determined with ImageJ software. Results are showed as mean ± SEM. n=6.
MAPK pathway was not involved in cardiac hypertrophy induced by cold exposure
To decipher potential mechanism of cardiac hypertrophy induced by cold exposure, Western blot was performed to determine proteins involved in several pathways. MAPK pathway was reported to be closely associated with cardiac hypertrophy under several conditions [23] . Therefore, components of MAPK pathway were determined (Fig. 6) . These results showed that p38 and JNK expression did not change in cardiac hypertrophy induced by cold exposure. Likewise, Atv treatment did not affect p38 and JNK expression as well. It indicates that MAPK pathway is not involved in cold-induced myocardial hypertrophy.
Atv inhibited cardiomyocyte apoptosis induced by cold exposure through increasing Bcl-2/Bax
Cardiomyocyte apoptosis was reported to be involved in cardiac hypertrophy [24] . Therefore, proteins associated with apoptosis pathway were determined. Our results showed that Bax expression was markedly increased in the heart from cold-treated mice, which can be abrogated by Atv treatment. However, Bcl-2 was downregulated after cold exposure while Atv increased Bcl-2 expression significantly (Fig. 7A) . In agreement, TUNEL staining showed that Atv treatment suppressed the increase of apoptotic cardiomyocytes in cold-treated mice (Fig. 7B) . It suggested that cold exposure could promote cardiomyocyte apoptosis by decreasing Bcl-2/Bax level while Atv inhibited it by counteracting this effect. Fig. 7 . Effect of Atv on apoptosis pathway in hearts of mice exposed to cold. A. Expression of apoptosis proteins in the groups of Ctl, Cold and Atv. It showed that cold exposure was capable of decreasing Bcl-2 in heart while Atv could increase the expression of Bcl-2 protein in hearts of mice exposed to cold significantly. However, Bax expression was increased after exposed to cold, which was reversed by Atv. B. Statistic analysis of Bcl-2/Bax level among three groups. C. TUNEL staining showed that Atv decreases cardiomyocytes apoptosis in the heart from cold-treated mice. IOD of each protein blot was determined with ImageJ software. Relative IOD was calculated as the ratio of protein IOD to GAPDH IOD. The scale bar: 10 μm. Results are showed as mean ± SEM. # p<0.05 vs Ctl, & p<0.05 vs Cold, n=5.
Discussion
Our study determined structural and functional changes of heart after cold exposure as well as Atv administration. Our results showed that cold exposure could induce cardiac hypertrophy through increasing cardiomyocytes apoptosis while Atv alleviated hypertrophy through repressing apoptosis. Meanwhile, we observed that MAPK pathway was not involved in this condition.
It has been well documented that exposure to low temperature is an important cause for hypertrophic growth of hearts [6] . A series of studies showed that low ambient temperature might result in the elevation of blood pressure and the increase of cardiomyocytes size, and these pathological alterations will induce and even aggravate cardiac disorders [7] [8] [9] . How to prevent cold-induced myocardial hypertrophy is essential for the therapeutics of coldrelated diseases. Our previous study reported that Resveratrol inhibited cold-induced heart hypertrophy via suppressing miR-328 expression and apoptosis [7] . In this study, we detected the effects of Atv on blood pressure, cardiac function, cardiomyocyte hypertrophy, cardiac fibrosis and potential signaling pathways in cold-treated mice. Firstly, we observed that Atv treatment may attenuate the increase of heart weight/body weight index and heart weight/ tibial length index in cold-treated mice, which indicated Atv inhibited the hypertrophic growth of hearts. HE staining also displayed that the increased size of cardiomyocytes in mice exposed to cold temperature. This finding is consistent with previous studies [6] [7] [8] [9] . Masson's trichrome staining further revealed that cold exposure resulted in cardiac fibrosis. Meanwhile, Transmission electron microscopy showed broken myofilament, swelling mitochondria and mitophagy in cardiomyocytes of mice exposed to cold, which were improved by Atv administration. But we did not investigate if there are functional changes of mitochondria in the heart of cold-treated mice, and examine the effects of Atv treatment on mitochondrial function in this study. This is a limitation of the present study. The data described above showed the evidence of structural damage of heart from cold-treated mice.
It is well known that cardiac structure damage usually led to the dysfunction of hearts. Therefore, we also detected cardiac functions among three groups, and the results confirmed that cold exposure contributed to the decline of cardiac functions. Atv treatment improves cardiac functions of cold-treated mice. Furthermore, western blot showed decreased antiapoptotic protein after cold exposure which was reversed by Atv. Here, in our study, we manifested the anti-apoptotic role of Atv in cardiac hypertrophy induced by cold exposure. This is consistent with study of Song et al. [25] .
Considerable pathways such as oxidant stress are involved in pathophysiological regulation of cardiomyocytes besides MAPK and apoptosis pathways [26] . Thus, Atv might play its cardioprotective role in CVD treatment by mediating multiple pathways. A study concerning effect of Atv on heart failure induced by infarction manifested that Atv could inhibit cardiomyocytes apoptosis via mediating ER stress [25] . The direct evidence concluding role of Atv in hypertrophic heart showed that it could attenuate cardiac hypertrophy through regulating Akt/GSK-3β pathway [27] . Previous study suggested that Atv was capable of alleviating calcification of aortic valves induced by hypercholesterolemia and later investigation demonstrated that this effect was mediated by inhibiting Lrp5/β-catenin pathway [28] . Cardiac hypertrophy induced by hypertension is frequently accompanied with autophagy. Wang et al. suggested that Atv regulated cardiac autophagy through mediating Akt/mTOR pathway, thus protecting cardiac structure and function from hypertension [29] . Consistently, Liu et al. concluded that Atv could regulate β-catenin-autophagy pathway [30] . In hypoxic pulmonary hypertension, Atv mitigated this condition by inhibiting RhoA/Rho kinase pathway in pulmonary arterial cells [31] . Afterwards, Yan Zhang drew the same conclusion and suggested a role of NF-κB in pulmonary hypertension [32] . Moreover, Atv could modulate translocation of G protein subunits, thus regulating G protein associated signaling [33] . These findings provided the novel research scope associated with Atv.
In conclusion, various factors are involved in CVD and Atv mitigates them via various pathways. Thus, it is clinically significant to give insight into these pathways and to find 
